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B.t~IS'riC RESEARCH l,ABOnkl'OB.!ES 
.. TECHNIC f.L ·NOTE 1~0,. 556. · 

TEStt!irne/Jer . . 
.Aberd08n P~~ Ground,· !~d .. 
26 f:Iovember 19$1 

· Frolji experimental d4ta obtain~ by· too ~Bioplv~ics Br·sneh, Mett-1.cal 
Labot4tories., ftr,'fly Chew.ical Ct?nter ~ ~:dgm.Jood, f1acy'land,. th~ prebabj.l:!,. ties 
~e inferred ·that hits on nersonnel by fragmr;,nts of knor.rn<m~J.ss, v-elocitys, 
and shape 111"ill inc~&eitate. 'l'hc expe~imts ·were qondu:cte~ &g&inst · · . 
live goats, ~ the results l!l'e:re aosessed by medical officer. partwnmil. •. · 
11ta results· are classified according, to tlu~ee lavele of ines.pae:i.tation: 
incaps.cita'cion wi.thin 5 a~cc.md.c;, ihcup&cite.;tion within $ minutetl, and 
fatal cr sever"' 'WQ\.mding~ The infen·ed prl"'h~bilities~ J;::ased on pro~· / 
vi.sionally and rapidly :i.nt~Srpl:"'e~d e.x:peY.'imerr~al results,. arc (S.Xhibited 
as: functicn"'ls of rrN/8 v~;ra. m is ·the .t'.raglnen·t 111!-ss, v the striking . · 
velocit~ tmd .. A.. thra average pres\1\!nt~cl. mra.J! \)£' the frsgm~nt. . 

. I .· • The prub&bili.ty resi.llts, wh:i.ch are :mbj<'lC:t to revis~.n shonld. the 
basic dnta 'b". l~e:l,ntarpr.eted, !i:t~ ~log CUI"l"entl.y eii'tployed tv· the ' 
.Balll$tic R6se.arcb ):.abora:C;o:riev· ln t.he .desJ!I.n of i:npioved .hand 
~~- . . -
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. , !N'I'ROJJUCTION · ''_r 

' I~ crr~el" to Qbt~:d.n 19xp~dnwnt..~l 'cDnfi:rmat;Lon of' the. wOt'J.pd~· 'pm,e;r -' . 
ot c~rta:tn neirly proposed t.ypes of hand granad.es the Bi~b:yJiirJ~ Urm.1~!4~ 
h~ade4, W ~r .. ·C. H,. Herget, of tbe ,}1edical :Laboratories of tl'ie ·Amy . -
Chemi011l Centel"s -Edgeiyood, Maryl;}r.;.d, wns asked by tt¥l-OrQ.n.a,.n¢~ Corop, to 
cOnduct eX?e~nts wU>h controll.ed frg.grnents agaip:st lije anintal targ\!)ts;. 

- •The experimants wer~ planned.~"- .c;,u-ried out under: t~·cd.:l:,i-eetion of Dr. 
n~rgat.; whows :>:ssis:~~d by 'tnro~ l.t\edinal of.£icats'!" lJPfi~a;Ll)" assigned. ·' 

' . 'Qf thfl ·Hedicel COl"PS to the projec~o '.The fragmen!' sourbes and 130m e""" -
perimet1tsJ. ass5.atance, were. ·supplied by the·_ Ballistt.c Re~e#u"ch J:,abo:r~t-ox:-te.'9., .· 
GO~t~ ~ere sol.eeted ~Y ·n~ .. rterget as t.!'ie tax-gat' animals~ It is under-·_ 

_ ·.stood that he_ was· governed. in b:i.$ choic~, l>Y the . desire foro t&"gE!ts some"' 

. ' 

· . \Jhat comparable in· mass arlO: .. dim~nstqna .. ~6 hli,ma,n~-. ·and tp(ill f aqt that t.hey 
ve~ ~ail&P~e in ~ff'ioient. num.b~rs with<nit: exc~$Si~ delay or ox,oens(,.·- .. 
Tbe/:result.s of tlte, first, f.eW' exporimcmt.s indicated ~~hll't there W·<{S a g_reat 

. di.ffel"eDCE!, t':letifeen n,tat8J. 0!' 8'lfi.1til:'e l<I'OUndirJ6" and -nap1,_d ilica.papitatiolj., 
feiany wo~ds, sev.erc ant;l parhaps y.J.timately .C~t~, •.c~use no such· immedlatt, 
c~es in the targ-et animals a~; to suggest that 'humans,. in battle a'i1d 
unde~ similar condfti't>na .of ·wo1mdinril litou.ld ha,ie bean prevent.(3d f'rrY.ll 
earrying out the mos:t impc;n:1:.ant of nor:n<il bat,tle 'assig~n~s. 'like h~l"ling 
grenades Or' diachrurging fh~ea:'!T.!s., 'l'he .:;~eriniantal progr:am- w.as therefore 
modit'imd a.'ld e:¢ended in· .an effort, t1o obtain bFsi:c_ data. on the probabiU;t,y 
·-that randor!.i hits by frC!lgment.d oJ: ~mo~:n msss~ shape' and s·~clking v!I'Jloei~y, · 
'tfOul.d CCUI.Sii;# ra;:>id i!tcepac>.ttat:l.cno · · · 

lt- is .tmd:erstood ·that, the BiOi}hysica B-ranch plans to ipsue full and· 
f<>l"'llal : report.s of t#be expe:r:.tm.ents,. ¥hich have 'been. completed.. . Pending 

. thtise., ·~he Ballistic J1esear.c}l !Ji1bt1rato:t·ies h~· int:erpre'!:oea _tjl".t~Y ex- . . 
peri.m.ental data st~:tist:i.calJ.y in tiuch 1 a w~y as to be. able to- employ i:Jw . 

. ·, reault.s .in current. design stu4i6; .foJ.• :L'l\prOved hand grenades. l'lased. on 
. the ~xp¢n.&ental results as 'obta:i.ned inf'orot\all.l:' from nr: tierget, the 
,interred nrohab:i.lities wil,l :Ue aesvl·ibed :in t.his · ret)o~ along with .~M-

, ~thod that ha.s-been ~mployed. :tn dcl~iving t,hem.· :~ exn~liomerttal data 
available to -the ·writer must be rcgnrded' as .provisiqnal .. because t.r.aey may 
l)e. 1110ditied by-nr .. Herget, oofo:t">r: he ;mb!lshes them,, ·~a the ~lt pf a 

. pos~ible .critie!ll re-enndnntion in the light Qf ~_ost;· mo~~ii stU:di:es by 
the medical off:ice·rs.. · · - · · 

• I ~ 1 > I 

· The. -probabilities in this report. shot1ld be regat<dad a3 provlsional~ 
. - /They are published. at this . tili'lG cnly beow.tes,t.hey,~ being used tor an ' 

~ensive de~ign studys .whose u.rgenct haa rendered·~coss~ the ·employ"! 
.. ment, o£ data which, although provisional, ·are ~lif!''l~d t" btl the Qeat _ . 

··, ;"ifate e.,tlrrently avatlable., · · , . r • ' 1, 

\ ' ' ' '\ .. :: 

"!!*~.fi~""'a""~]'""o-r"'~l~'~~'Jf-.-.. ~D. !Jlack~m, Cnpt. H .. 'n .. Flege, an~f:J_at. t.t:' !-1~ L:illdo r 
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·~ .. rt is ~.pleasure ·to re.~rd the,.cnthmd.asiic .an~ vill.lDg e~era ... 
~ion .. o£ 01'. Herget· .w.nd his oo-wox-kc.~t!l. t'.:.\> Edgeaood_,. in. supporting ,the. design 

· Stud:telJ or .the Ballistic P.asta:t.•ch Labor~:rtcirles, by tM!ir eheetful and.' 
·. eoox•getie execut.ion of the l.~.ound ballistic e:;(pe~nts~ .. · 

"The au.thor ·bears .entire responsibility for t~ rollowin,g '· discu.sai~n, ~ 
which it. is hoped w:'Ctl r..ot ®?rive Dr. Herget Qf the opportul1!ty ot ~ 
interprei.-lng his e.:;~erimental resul·ts, or of' publtshi:ng ·ant bette.r anal.rsis 
of th~ that OIUl be dr.:'i."isedo · ' . · ' · · · 

Threo t;~pfts of fragment som'ces, preps.red and Sllpplied by the 
Ballistic H.esaal"ch Laoorator-les, were used· in the .eJCper:Lments. All the 
trs.gm.ents were or stool, in the sha-pe o.t rectangul~ parallelepipeds .. 
The·. firS"'.-; sou:r.-ce consisi~ed of J:t sphere of })igh ~xplosive, pentolite, 
surrounckld or pre-formed fragi'lletltS whose Ili«SSSS, W&l"' ;lJ. . &ppl'Ox1Jnato~ 
0 .. 71 .gr.Ur13.. '!'he initlal dimerwions of' all 'the i'rag:Jente were. 10 .. 1 .X o .. l' 
X 0,.04 inch~s. The ·total number oi" fi•agmente w~' nearly 2000i the ratio 
of R:Jq).lOSiVe Ch~rgc ,to total weight 1iJliS abO<.lt 0.69p and the to:f;.al. Weight 
of tha source w-ao <!bout 12 ounces. Recovered fl!.agMents were t~ to have 
lc·st, as & r'lle, SOme Of their Shat'p edges and COr~rB with th' result 
that their masses were less than the o::•igin.al mass~-s. ltalf the .mass ot · 
the reoover·uct i'rs.g:nents waa in the form of fragments !l'lOre m.a$sive ·than 
0 .. 6o gi·~ns.t u~eh .is hart? called the "median" .fragment mass• The initial 
f'r£?gmen~ veloert.y was approximately ?Bop ft/56Co · ' 

~ \ ,, -

The aecond tyge of source cons1~ted or a sphere' of pentoli te 
S'.lrroup.ded bj.,. pre,..f'.:>l'flled £.rag':tiEH1tS r!hOSe initial di.Jilensions· were 
0 .. 1 z 0.1 x e .. IJ7 inches, whotJ;;) im.tinl m.assea uere· all 2.) grai:ns, and 
of which the.r.:; WC'l:~a E[J'[)l"-OX':L'li.ately 1100., 'l'he median IIU:!SS Of recovered 
fragments lUlo 2 .. 1 grains J, the rs tio Qf explo.si ve c,::harge to· total. weight 
w~s. about O .. h7) and.:the total we:lgrrt was about 1.2.2,ouncea. '!'be initial 
fragment velocity was ~f.l!Jr"OJdJllatal(r ),300 ft/zoc, . · 

'I'he ,third t:19a of fr.,.gment, source w~s a ephe~ ot peJltolite ·surrounded 
by appro::d.r.'l&tel.y 740 fragments, uith init:l:il manses o'£ S grains and 
di.~tmsiOFl"cl. 0 .. 125 X O .. l2S :Jt O .. l6J~ inches. 'rhe ~edian mas$ or recovered 
fragments 'ilt:t9 4.26 grains,; the ratio or :cliarge to ;total weight t.ras 0.39 
~pro:r.:l.mately, a~d the total waip,ht uas neo1t"ly v .... s ounces. T'hi! in'!.tiaL 
lragment veloc:lty ~as- approximatel;r 4900 £t/~c •. ' • . . 

( 

.~ fourth sOUl'Ce. ·of fragments, a standard 1·nt II hand grenad.o ~ waa also 
t'l.sed but &ince t:h'E'. t"raef.'len:cs were of uncertitin mass- and fl!trlldn& vu1ocity 
the I>ela."c.ctl o~~e.rimenUal dtitu h'ill not be discussed o:r ampl~d in. t .. hi.a 
rep<>rt. ' 

'i"ha physiac:l dnta ~"e~"i t::lns to the i'r~g.nz.nt sources have 'been furnished 

I . 

' to the . att.hor by Nr.- Tolch ·and Hz·. Duun,.of oi;h.e Ballisti9 I~sa~"cll Ubor~torlea, 
under · wr~ss Sit!JO!'Vieion the snurcet!l we~ prepared. , ·- · 

.. 
,, 
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' <' ,< ' - ' ' ;., - .·' .. ., ' - . '< .;~:~~,t~}~i:~-:;::~t ,: ·.; : - - ' 
__ 'firWs sgat~t .. tlle-goatlf,t.Jere ~t .Q:Lstanae~.f)f)pr,j'' .J$•··:.qd:60-, . . _1 J:.~tle't~ :;At 'the_ last di&i;~ce•~ .~o:_tew hits -were obit~~- .. ~. -~~t-!ng 
<dA.ta td.U Mt,-be-emplo,ed ;lt\.tJi~s 1~rt. _None o,f <~-<< _ ·~·~-:~:· ,_ ,. 
te.t caused even se'lere wcnmds• _ -· :tn esch e:x:perl!llenti. !qltlf vettt•'}atV•. 

- 'fi~ dis~- either $, 10,. .or· 1$ feat, !rOOt the rr ', •. . . <, .·· ·~·: .N9 . ~- ' < 

. , .· · · ·, ~~t. wi~ll the 2~1. ·grain· fragments ltaa. eonductei:l ·a~ : .. _ _- ~!-~-:~ o:f 1 

"·;.·· '~ , . __ t.ltt>_. other experiments __ involY"J.ng f'ottr ~<>a1:-s w.ere repea~a·-~~-~ .i~ult 

,, ... 

· · ~\a~ tt~ 'set"~es or ~xperii'aent$ irr¥olved eight goats -~ ~IW\. 1;.0n- _ . : 
~.ti,OO$. of diatcmce andjrra~nt so~IrM, and 4 goat.s·-~;1'~-~0:tfle~ cpn- · 
41~!'18.. -· \ - · _ .- ·c :.''/ ..••. ::r <~ .. ·. , . _.· 
. -' ! • ; . • ' -·, . • ' ...._,.,. ~· ·:"'~ ; - - '. . • • . 

· ·_ · ·· ~b.t-ee o8,tegories of: incap£Lcitnt.ion o:r woundin(t lnlve bS.tfi' en~pl~. 
_I 'f,u~ Tf.O~t ·Se'lf'"eGre category is th~t .ot incapacitaticm in. ) :~s. •or- ~s$., __ ·· ·. ' 

. I .. "" ., ' ~d la, ealle-d •Type K·~ A .l.ess seve:ce; cat,egory i$ t~: or iJlc-apncitatton ' .\ 
. -· in S !lllnutes ()r less, Vbieh includes Type){. ?his ·o;a~ort is c8l;led' · : · _ . 

") 

Jf( 
''"' 

t~~_An., Tl~ third.~d least set~re category_ is that o!'tatal.or,aeve~ 
,. wuildi.og} and for re~9Jla or logic; c;onta:ins. Typee K, :&.uld.A. This third 

category ls called "'!.'YPe ,B". · . · :. J " - ., 
' . . : ". ' 

. I -. 
• c. --

' IG this ana;tysie, .U. -~erl.11ents with t-he Qama tYPe·.-ot i;.r.f~Bment gource 
at tba .same distance h'~ .been pooled and. regarded· ~·.a._ ~e _f!~rimenft, _ 
encb experiment . thereiOl'ef inv~ving either foUl' or: ,.e:J·~--~~s:' ~til e.acl(. 
e~ the.fragm~nt:·velocit.;r ~t the dietan~;C?f"~~~~.,-8$-kn<M;i• · 

·frola orevious velocity .tirirlgiS 01~ i'l'OIIl deeel.eration ~~f:\:tt• median_ 
, ._-of- the treg;rrents a.tter firing was' kno".m; and tt vas •••d tbat ~ 
~l"llotre ~l'M@Ilted art;~a A of' -a f'ra._w.rent divided by th~ ,2/J.:power ot its 

• usa, A/m fl/3, w~s the SM+e after !iring as be£o~, eo that :t" COUld be 
·· II!Wal.uated 'tty calcula.tic.n . from the initial. mass aJ1d'~eJ~e ~· -. ~i(ev&lua~ing · 

A, U.SIJ. "as made ot the well-established geametrlcal.~ -1~~ ~'t- tlle ·wera.ge· · 
.. . p~sented area ~r an;r geometrical. solid, whoae surface·· 1a DQ~mere eon~ .. . 
. < em, ':lt ex~ly eqttal- io 1/4 or the total silperti~ area.-* ';~ 1>~~83.. 

·. ··&tld ,{ie~trlcal ·data were therei'ore known; _ r,atl;er -~1~ in:··flll .• tb!·-_ · ·_ · : 
I/.; ~t-s. The rt"eSillt ot an e:xperi,m,antt in,vo~Ving !-"~,<IIY~J-.~~t. 1 

· there were- s instances o£ inoaoaci tation ·o~ wound1ng ot · ~ W!tt1cllll.a~ 
~.· 1.'1'"~ ~r n vu always. efther·4 or 6;'; 11h1le, e.ba~ lOSfQ~ 'tO; ~ . · 

' ; 

· ·~ S01116_1nteger -inthe ·range' .!rpm 0 through n•' Actu'i:U.YI . .'~.me~oal_ ..•.. 
. qf'ficers were aometimes,not able to s~ate with c~ .. ~~ce .. that ' 
then vere 'exactlY:! in$tanoes, out o£ the·: ~~iA(l#-~l\~~tati~ 
or. -trouh41ng o£ a particular~ sort. ,Oilt or eJ.gbt -~ts:,· t~:-~~e, 
they might be_ un~rtrain in a particular ~l:'i.Unt ~~thel" OMY 01" i';e:9 ; ' 

· . · could trgt,htullY: be •tated to have been ineapaeitaw~ ~thin 5 seeonds. · 
· · _;In a.ueh caaes1 -tho author has arbitrarily averaged the -po;JfdP~ and . · 
-~!'ul vtdues,of'.! .~d baa used th,_ aver~~g, in tn,~1~.e~le . 
l~S, as·though it'Ve~ tile' number or animals, ~:·JA;.(~ ·at,. obse~d 

. · to h~ 'beel1 incapa~t•d. A final datu.~ to be us$1> til _not biQl.Ogical, 
, 4llthol18h it involve4 the M~al.s; it is the averag~~-ber G.t bits per 
,. -~.in each experiment. T:qls avera..,ae ·rmriiber C'4P be donOted· ·l:>J' h. · · 

-,,\ ,--:: ' • , • .' '-c. ; :, 
0 

',, • ·, .~ '\ ' .... L 

,.··-. · t~ ·'Before procee4!ng·to·:'tohe~~.malts1a., ii is .w-all ·.to in#~-tb,a1P. . .. 
the' Die41aal o1'£1eerfl, lll, _deterJninj,ng ~~- were trying to, ~· .of' tljf ttP&ts. 

. , · IP!$' ~ae.-~ or a sa~M.f»-.i s~l~.d-t .. n nnwhc"l~· i~za'ite" tf· 8' 1;e-i~· -· ·- · ~'I · 

, · • _ , · p~ ~r :1n~:csects tJie. $olid~ bu~ only·~~$ .tt. · ·;~: ~siblf( 
·.P~I ot tangen,q. ~~-~,a rectangular·partA;l~~" ::~J{~~)::t~'~ 

,. ' '~~ . • - ' ·-~, ~-<- •· ' 
'. ~ :· 

,·!' 

\ 



~.·I 
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.tUJ r:~~nttnl~hmnaoo,. atm·were 'not tlrl.nklz;ag or~­
go~~. : :~~.because or -~cal e;i.ff'erenees. 

j,t.lit.J;s ef.)~dered. that ee,rtaS;.n wo~nd.s, which 
ban bQen less serious in-humans. Sucn ~unda 
-~ ~~ ~at tr.r the rned:tc_lii:t. :Otf'icers, in t.hcjlir 1:. n~~rp;•1t .. ~s· 
. cb~<l:etfeats ·ot the f~~ts upon 'the.·goa». •.. . . .· . vhetb~u· 
.O:r:'~t :.n qlli:m~l was .~1ncapacitated11 t. it ls . ·. . · tha1;.~he nedical· 
or.. t.~~- were ~3ki~ them.sel·ve.s·. tqe.· h$Pothet .. io,al.; ~. . . o~,. ntr tbi$.· goat.· . · ' ·•• · 

b~' ~A a dQtertr~ and brave soldier, lfOUl,dihe J:1a1re been cb~o after . ' 
· ~3~~ t.o the ·rragments to have G'mplo:ret;l 1l!l·weapon*.against his enel!lies? 
· ~d he. ·:for :ii3t~# have raised, ah!ed, anct: tired' a pistolt~ ··~. re-~ 

· · ~ qtd~;t~ £.or cons:l.daring · 11. t.arget to lu\ve been. "~apacit..tced" ~ / . · 
tlJus ~27 oe,.a.re requirements in the rlinda· of. the ·medical• Ot!J,cera·wiiJ. ·· / .. 

· ' · olamri.fied the t.ypes of 1n3'.11'1; . , · · 
' - - ' ~ 

.. , Al'tf!LYStS. AUD CONCJJJS!m~ .· . . , .. 
. ' . ' ··-•::· ·. •. 

, · · I£ s ardmds· are '$.neapaeitat6d a!llong the .!! ~·a ~~t~ f~agm~nts 
in a partieular e;,q>e~nt:t then the fraetion s7n i.s'-lill ~-ed, estim:!te .. 

. · ot- :the'~ t~e 'P.:L"O~abi~~ty ?k. that an animal"~~ ·~:Jra~hts . 
~r su.dl 'conditions will be ·incapacitated. Howev~r,. al~~b it is-. , 
knoun .f'rODl .e,'tat1ptioal t~ocy- that th~ !~~t:l.on ·8/'ft: i:s ;~'"~~ased estimate 
and ia mo~er the best estimate that can 'be o'bWned• it· is al.so kn<Mi 

.· that i't will ill general. be erroneous.' If the 'uhlcilown tz'ri•- ~·111ty. is 

. ·~ th~ it -~s known that· the probability Q.f' .~tawing _.,reci:$fil7.,!. 1~. · 
,\ · ~,.,.Pa01tat.:fons in an eXpE:riment i!I'lolVing n wtlnulls '-s .eX,actJ.t'· . 

. . ' · .. ' . . . . ··~:' . · .. ' ·' •·. 

. . . . a(l. .. n.·,.n • •. : ... 
.. n! . . •. . Pg . ~ . . . ,_ . 

al Ui • s)T'. · · ' · · • 
\

- \-
1 

" - • ' "- ,I '1 ·"- ,': ':·, < ~ ' I ~ •: . - 1 

• I 

' \ . ~ 

fh18 matter llill be discussed furt.lter in the I~ to tb1s rf,port; · 'b\\t 
-.~a pa'J'ticulu exa~~~ple, ;r the probability Pk ot f..ne·~~~n is ex.~o 1 :. 

. -~ -li. tbeD in an exp~rl,Juent ~mrolving tour · anilltal-~ .~hf. prob~llities J • -.~ 
. .. ' t}iat ~ o, 1, 2,' 3,' or 4 mdmals mll_ be ineapacitated. ~ .1296, o3456, 
· · : ,_,. .31Q6, , .1536, · and .02$6 respectively. It is cl:ear 1 : there!o,.e, · tha~ , 

.fl'qDl'tbe result e of~ ~eriment involvi~ n·~·~(~JleftJ! is:as . ' '· 
Silall as· .4, · the 'fraction ~/n oan differ ~nsi:&ral>fy .rrom pt• · To a · 
leaser extent~ the same ~ric is tr11e tor o.xperitTients ;i.aVolv.tng · 8 . · : .. 
~111~9· and to ~extent the re.,.;J.rk .is true ror:ats, ··rlm~ ~-o,' :. ;, 

·wlring only a finite mtmber, however larse. of ani~J!-. ·. · 
,. , , _ , f 1 

_,: · ·,·r .-., •. r 
. . .. . ·. . . '· . -.... : . . .. · . . 

· . _ Fl'Cm the values ot s ~d ,ll".:f;he unbiased. $8tSJ&atis s/'4·canbe· obtained. 
. ot the· probabili-ty lie ·of"'incapad.tations. and al.fil~ Confidence J.i,mits •.. 11~ · · · , 

.. explained .in detail in the J\ppendi:'cp the s~~ ¢ant'i4enc. llmito .are such. . . 
, ·that it one ~f18 asserts. that the uriknOw!l, tru8;rP~i~ty<p, l.le• 
between the .SO$ confidenoe.lin!its corresp<)ndi.Jlt':ti(t:t~ ... ob~d~.e,O..· 
will be correct, on the <!Verag~,. at least 50% 1)£ tJ;ta:t.~ •. $:tlltll'~ly# · 
_the· 90Ji confidence limite are sueh 't~at ;if ~lie /~-uariil ~ the' . 
lJ%lknotm,.· trtie probability ,or. incaP,acl.tation lles 'beWee~. ~ ~.U»dt.s . 

,··, ', • ' _ ••• --~ '_. ' r • -· ' . 'r .·, ( ::3', ~('?:;~( ):,_:..:... , ', /.· ... ' ·,- ··.'•.'.' .. 
~- ".: "-" ·:~~-- . ' <; ~ -- ' "-

6 
. '_.,_, 
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:'J 

~-... .) .. 

... __ .. _ ... _ 

.. ·1 

J.-

' . • • ,.. ·- /·. - . -' I ·. 1~-·~-·- ..•.. ~'"- .;·;~ .-~~.:~,~~~:·.',.~,-~·-;, • , .. \ ' . 

~orrespon~tng to 'the ob~erved '5 t.hen, one will be cO.~t,'"-~ ~,~rage,> · 
in at leas~·90% of.' ~ucb as·aert!ons., · - - _: -,~;, .. ':~ '> . · · ·. 

- • ::! 

1;· ·.'In the £ollo~ing table~ relating to·'"Type K" ip~~a~~~-~~~n,·the·· ,·" 
. first. colunm contains the ~dian JllQ.ss o£. tragment ·iJ1 .. ~rcdf!s,· the s•c:Ond · 

T.able I 

· · -~ ,·· _ : e~K eaaualties.o.~inca9&Ci~atiort :Ln 5 sec~~~' or less 

'·: ,m ._· fA/m i v ·. 10- mv i h ~n · si _ Pk _ 

.,; · _ 'g'Fs . 2!_~r!7S . Cia· ... _ J.;.._ · ~~~ SWi'~e~s.!M. ~~~~t:Z~~~~~~:~~:~~~::!::;~:~ 
. -~ Q6Q 1.24 _SI"oo . l.,JJ · 2QS 8 o o o . . o : ~16 _ . 

f .,.6(} lo24 6200 ,<J.o$2 5 !~ l o"026 ol~ · o2$ · o$0 ~68 oOO$ .0,34 oOS6I.t.:J o20 , ' ' 

~---~----4--60- 1.24 1_000_ 1 .. _1_2 2. 5 .. - L._ · 0 -o 0.. G ._.)()- .$0.' o· 0 o014 .028 ' . .l 0 74 4200 1. 73 1.8 4 0 Q 0 0 • .30 .so 0 . 0 ' 0 .18_ .)2 
• ·. ol • 74 4S$O' 1.87 3.-$ 8 . 1.. 04 .p. .19 co34 .)0 012 .(>)j .;OS8 ~U o18, 
' !J.e26 . .. $9 4100 2.12 .. I.$ a 2~ 11 .21 .Jl .• 4$ .• 64 .07S .lS r .2?: .J) .49 

:·.26 ..59 4.300 2.22 3.5 4 .1 Cl26 .16 .:.25- .so .68· .006 .<>49 .019 .18~ 9,28 ;-
.. 26 ,'oS9 4600 · 2.,J8 ~ 6.5 4' . 2 14 •29 , SO- • 71 .86 ;.018 o040 o078 .J.4 .. I o2l:j 

-e<>lUl}h~ the va.lue of A/min cgs units, the third· column t~ .~~~tr-~ 
,, velocity v . just before' inspact, the fourth column· the qu:•ity lo-S iltv/ A in . ' 
· og~ uru.ts"; the next column the av·erage nunlber of. hit~· pete ~anilai4-, the -
n~1i column the' number o£ animals ;involved . in t!Mt. eX:perimfmt., . and the . · ~· 
next column the ~ber of ineapaci tations observe¢ •.. '' ·The. next-'~ tive columns 

· . ~ontain· the best estimate ~r the probab~litY "Pk .of i~tpacitatd:on u ~U 
as the $0% and 90% confidence limits as desc;ribed. by tPe colwin headings.· . 

,The final f:ive columns contain the corresponding'u.nbiased estilllates and · 
_-contidence limits ror the unknown proo8bility1 liik, that a ~-hit ~1 

_ a single fragment will caus~ Typ'e K incapacitation. The_ values' ~or·~,-·, . 

1 •• have been ~erred £roro the values 'or . the ?robabillt~ lie tl)rougb ,the 

. ') .. 

equation 
}" -:· 

. ' 

.;'· 
··' 

which usunws ttl~ whhn -an ·anilllal is hit h times ~-'p.~abUit.y-ot .in-
~l.lpac~tation pk 1" ~-ne tniDus the ·probabilitY, tnat:the :milD~ 'l(~d i~ 
dependently survive,. without in~apncitation, 'an ()£ b separate hits, The 

. as::iumption"iimy not be absolu.tely: correat, but in C®iPai'ison :w~tb the 
·. '> cparseness of the final relat.:i.ons, ~md in 'v;i.1!tf of t~ $a~l' fJl"Pputt,i('.:' of'. 

•· overl~ping T»ounds ,j does not .seem likely tlj l&aa to _· $$rl0us · e.rr-l);t· • 

It moy be not..iced that. stat.i3t.ie~ ttjeoey do~tain~d ~in',;tbe' J'...p-'J,_'&Th<it.x -·· 
dt:.!t?ls onl:-·· 'Jith logically possible, ~d the,ret"oro· intet-ogral. va't:\ltli~ ut· .. ' 
t:.h0 number, !' -ot: anirnal.s inca.pncit.:!ted. ·In the table, ~ever,. tJ1,8~. 
az'B t:;ro ln!lt.ances '?f fractional VU1~CS of s. ~:l.nce bo,tb r~a.cticm_s -~ .,._.' 

, .. 
. ~· ', :. 

\' . 
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;: ~ "· :, ' 

\, 

' > 

I ' 
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\ ,( -;'"' ~~ f_ : j ._;, ~-~:Zft;~ 

~\-=-: •\(···::!·:.; •:'"~",! • 

"; ·, 

~ . ( -. / · .. ~~ ::~~:_::,~·.·:~{\:·.-.:.. 

'na;J· ... ;tn~ger;; -the ,¢0rif'ide~ limits have· b~en ~ez:~d.t!~'t4E~ · · 
• tabJ.$M i.n the -.Appanctix ey averaging the entries tot- the ·~~Mjaoent 
intig;o~ va;tues ot .!~ · ·, · / · ·• ·· · · 

. -. l~ Figu.Z"E 1; i4he probabilitia& pbk that ~,~~)it v.i.1l (:Sllse: . . . . 

. i~:,c,mpacitation in 5, seCQndS or less. areplottf3d against the qaabtity "+o•5mv/A .. 
Both the 50% end 90~ ~nf'idence limits are sho'fin. The ~asons fol" . choosing · 

:u;t"$T!W/A .as the physical . parameter of' . which p~ is. a f~ct~on are .. sub• ; .. 

. eta:nti4J¥ the same as in BRL Technical 'Note. bfo. )10*. · ·lt seems ·reuon\'lba 
~o ;:mp~so t...,..at · tr.:.e- pxooba:bilit.y, th.at a <~".andcim hit tn.:\].' inQapaeitate in. · 
$ t:~ecottQ.s or lass, depends UpOn the !'raction of' the boay's superficial 
~.rtJi1} through vhich the fragment ·can pe:ootrate and therea.rte~ strike, and 

- CWl.H*J raptj,dly iJ1oapacitating injut--y' to a\vitBJ. regi~ SUCb :vit&J. reg-1Cn1s,~ 
for ~~'l'~?e K"incapacitation, Should be expectf.ld! to be very much smaller · 
~tl'ian the regions wh1.ch are of importance. to .. lesa rapid .incapacitation or · 
t.o merely severe' ~Ql.tnding •. · ·The author has p~en ;inf'Ol'll\ed~ by the medical 

. ruvi biophysical staff' at Edgewood that the regiOn$ vital -to :$-second . . 
,incf1,&cit4t.ion ·~l:'e in fact verY' small. _It fragments. posse~s such gr~_at. · . • 
1tpenetrating power" that a fragment trayeraes th.e bod,y ~Jreteg vbei"eVer 

· i·£, hits, then ·t;he probability that a r'911dom hit- uill c~M,$-second .in- . · · 
.caoaeitation/ is merely the ratio of'_ the presented area ot the relevont ... \ .·' . . . ' . ' . -.. \. . . ' . ' ' 

, .. vU.al regim'ls to the total presented ~~ area.- .On, the other/ hand, U'. 
tJ:w l!tpene,trating power" of. fragments la ~o lOti that they can never reach 
nt&l regions, whercaver they hit, th~n'tlle p~babj.li~y P,bk• mu:~t be Oo 

. For· .an intermediate degree of "penetrating power"• 11 ccertain ,fraction: 
only o£ the body's area is such' that bite on it. .wfu .'Permit penetration , 
d$ep enough to reach vital regions_, .and of this fioaetion :a still ·S.''Ilaller 
cpa.rt wUl correspond to1 actual, injury of' vittq. regicms~ .. It thel'eto:ce seems 
mt unreasonable to SUJJ?Ose. that the probability~ pbk; .that a'. rai1dom .~t , 

· ,lfUl i:ncapacitateoin S seconds or le.ss is'a functi"on or the. ttpenet~ating 
- powwn~u of the f'rag:nent. It seems. probab;Le tnat , m•rely ~llcbing a vi tal · · 
' r,gion is . not enough, · and, th~t to incapacitate rapidl](\. th~ , (io~nt must_ 
, ~8:¥'8 .some definite remaining energy or velocity ;when it .reaches the vitJal 
. -ri~on. Thi.s epnsideratiorr e~not destroy the< dependence 9f phk .upon . 

"penet-rating power", although it can andprobabl~ 4oes influence ·the. 
nature of the d,epetldence., It seems reasonable; t.lle.retore, af'te~ every­
thing has bean considered, to attempt to relate the· probability phk -.. · · 

to ~he "penetra~ng power" of the fr~ant., · · 

. ,,. . . ' . 

* BRL T~ohntcal Note 370, n A 'Provisional Castlal-ty Crlter:l;on~" T.' E. 
S~rne, March 19$1.. . I · - · · · • · · · · · · ·· 
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'/~be :)er..etreting r.::J:ilit.~r i~J not- a propc!"ty of a fragment alone, but is 
r·eally· a p;;'U':H·.;;•t'r of th~ frngment. aod of ~ho nature of the oenetrated · 
ul':.1tcr:ta1.. ?he bod;r K<.lll tliffers, from pl12ce to place,. i'n its- abilitY' to 
l'(;~s:tgt. penet.:ca.t;lt!'t. 1.'1m.s: bone is more rf:t.':i.stant than skin imd skin in 
turn Gt)n~-~r~: t.1o be :nore resistant, thickne~m :for thickness, than soft 

-~ 

tissue • ·r:n,~r~.?:'.'o:•:e t.he ocmetrating pol:l'er of'. a fragment really depends 
on -~ht1HJ it, hi'c:J t);;: hu:n.:m target. For t.he pl'esen.t r:iiipid and rough 
Malyais:: pe •. 1ctt·:~-f~:i.ng ':•Older is ne"J·cr"theless rHpresente1 by the quantity 
m.v/ A as t.l1.oug!~ tLc:: oody 1;1al.l wer(; homogeneous in its properties from · 
place t.o p1ace.:: but v£n.•il~<i ii1. tbickc.oss.. It is hoped that other~ may 
be abl{~ to ittl.;)r•ne tho analysis in th:l.s t~er.;o:rt by tald.ng inw account 
UN: detailed ~nato"J.ti{:al •n-t:M.et:lon in ·"ht:: £>esisting potiex> of the body 
wall to fx·ag::~tm,t~J; 1rorJ pJ.uce to place, in some sucl,l manner as that 
,employed by Hci1illi;n and GI'l~gg in th~Ji:t' rcpo:ri~ already cited .. . 

Through ·t:.M confidE;nce intorv!lls plottod in Figure 1, there hM 
;;,aen dz-a:m a r·.ath-er wide cUi...,-e, •Jr b;.mj, describing the au·~horts · 
r?stima'he of the :r-elution bE'tween '",,, and t.l:.e 'Oaramete~· l0""'5nw,IA .• · It . . t-'mc · 
sear.'is logica1J.y iT~(;essary f'or. Prill: t;n. :i.ncreas~ or be consta!'lt with 

incrc~sd.ng ?tbs~iss:-1.. The very smaJJ. ·va'l:ueu of the upper con.f'idance , 
'I* • . ' 

limit,9 .:>.t abscissa l. ?i''' 1'ixos the. J.cft,dh~nd. portion of the curve 
r·athe.r clos~l:y~, 'i'hJ.s is i'octn:r;ate:. becn~~ss the curve is not othei'Wise 
:too ue11 d.et:::rm.ined* The r-ight--hand por-ti,.-,m of the curie has been 
do~.~:('m:i.n~d f3:-<1m ·i::he t.JeL-;;ht.ed mean. of t.h.c bE';st estimates s/n corresrxmding 
to tba thrBe cY~::at.est O:t~sd.ssa::,. It :L~ not un:ceasonable for the 
ord..i.Jl~.tl.': u. , t.o be constar;t for sti11 higher v.;Uues of the abscissa, 

·n~ . - . 
because sue..~ i'r·d.r~~ments :1Iready have 'lCJ':";l ~reat. nenetrat::tng power ;:md 
t,here fox·z rza~r col'l'C<::nor:.c•. s llbsttl.ntially to compl£)te tra~..re:rsat of thG 
targe·t •-;henm.re.~' ii:. is lrtt~.. It. is int-t::t.'Qs·dng that the ma.xi.mum V<-:<lu~ 
of' phk~ -.r.ta ::1\') det 3J.';'1i-ned" sho11ld h.9.VO L·een found to be approximately 

0 .. 1: for -~Llrl.B vD.lu:: htr:~pcns to be in l~xa.et agreement with :m astimate1 
mHde by Bu:m5, Zll(''k:e!.:'flw.n_, and E\rohn: th~t 10~~ of· the body- ~ea 1-ws 
such a~ to 2."'esult- in death i>ir.ten ptmc;i.:.ur:ed by fttagril.ents that ·could_ 

. I 

lif:';!·,t~lJ~0tl> ~r~ ·H., ::,nG J. rl. f.lx~(f:o:,]G• Thd e!"'.3rgy, ritass and \"nloz:~,~~J~>· 
cJ{li.d1 is i'~:JqU:i.J:'CQ Of :_;;lt;i.ll ,;:is~~_; 1~:3 ~-n ~m.•dor' to ?X'Od.ll~ fc ch_:::n-ui: ... } • 
~'.:1i~.a.v.:ile ~~rJ.~~u.t~lt,ies ~~-:Spori~ t!c. :t..~::,. :t9l~5;- IJatio~o.l .. fi,esc<!:rGlt _t;o~he:i)~_,. 
!Jl:~risiot:, o.1~ I~~cdic.£l.1 :~ciencee, aetj~rv_; i)l_o·r tht~ Corrvnittoo {i!l ;--~e~:ic~n~. 

He::;eal~cll!t Ot~aGc: (Jf ::.lcient,J..l\:tc ~~-~:,;se~rch ~nd U(~\telor~~n:;;r~t. 

(!CirJ;espOY1C~i!lf; ~C an . .,'"'X'"e~..J!.iCTlt .r; U l·td ci"i -~i;bf~;.·•e w~ ·:le no· T.yp·~ f: 
:tna~lp&ci (,)?,i_;:).on:: <'JkOU..;,· L anini~.~].;;;-o:nly. 5 '.r,;~t. ).'~;,! .. 6 g~a:i.h 
frngment. s,;.JH'..-::.€!;) ._;vo:'n tho•JCh 'i~h~: ':'.'/P.!'&§::e H1).;<Jb0r of hits w.:>.~ 

?.5 I"'£' ·c~l;j.,:ral. 

9 
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' ' ~- . 

1. 
'} :·· ;_. ,-~ .. , .. _ t" ·r~--~~~~~~ 

,~ •. 
'': ,· 

'. / .. 

· .. ' :~averae til$ body .oompletel.,.* •. '!'his, close agreement iS pe~s · 
tot"tu1tous.. · · ' ' · · · i · · 

-. ," / I " i. I, . ~ -: . : < . 
· : ·.'rh& next table cont'a:t~ similar data, rel~tillg to ~~A~ 
p~citation (irieanacitation in S minutes or/less);; ~,~cal •.eon- -~ 
ditlons include th6 number o£ hits, ~xactly .the same as- .in~~~ J:i.~ttst · tll;ble.; · 

'-~-:·::._· --.:. 

··~ . a m h ·n s 
~ " n ClS 

,~24 '5400 1 • .33 2 .. S tY .s ·• .• 22'' 
.... ;o l•24 6200 1.)2 5 4 1;5 .aa .· ·.60 
.&> 1.24 7000 1'. 72 ·2$ 4 4· 1 l. c ' 

• l t.'/4 :4200 1.7)' 1.8 4 l . '-~25 .so: 
.l . ·.74 45$0 l..87 . j.) 8 J .. S . .-)2 .. .-l~A .56 .. 
• 26 ·.s9 41.00 2 .. 12'- 1 .. 5 8 J .27 ,·~·38 .• !)l. 
~26 . • $9 4p:> '2.22 .).!) 4 4 /10. l > 1. 
'.26 .• S9 '4600 2.38 8.5 4 4 70 l 1; . 

··., 

f:ro.'ll. whi~.b this table dif'£ers only in the·. numbers of' inc~~citGited 
animals; )0% . confiqenca limits are sh0Wl1, and the unbiased ·est~ . ) .. 
s/nf as bef'ote,· bo.t not' the 90% limit,a which are too wi.4e to b$ o£ tiJ.O.y > •• 

( 

use. ~ resulting plot ·?f the proba.bilitlf' phk tor\~ A• i,ric.Pacitation, 

against the abscissa l(i.r,ritr(,/ A, is shown in ~ 2. A ·rather wide 
region_ has been drmm on the graoh by tte authQr .to represent: the 
dw~ndence of phk u.,_oon the penetration par~ter·mv/A. · .. It .~11 be noticed 

. ~t this relation is less well .. determ,irted than' the' eoiTesponding r(.llation 
· to¥" Type K inea?acitat.ion. . The reason t-or ~his is that the experL'11ent,s · · 
were olarmed to obtain good information Ah0l1t T:v'Pt.t K ineapiloitation, ~and. 

· ~ tw.nlber or Type .A ·incapacitations, being larger than the .llllJ!lQer. of ... · 
~ K· incapa.Citatiorts, h:ut not. prov;tded as reliable .pteormati.on .~t· 
phk.' • ' I 

* Burns, B. D., and s. Zucker'tlian. .The relationshi~ between striking 
velocity and the.damagt~ eaunec.l to matena!s ey· a 3/32 ill. steel 'ball. 
Pr. ar1t.., Ministry o£ HQme Security, 1941, R. c. ~rt. No •. 232. 
Coritid&ntial j · · • • · •• • 

·~ ' 
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Table In 
Type B casualties-fatal or. severe: ~~~df. 

, . . .. · silldlar ~rks · apply to th~ third table~ wMch relates to Type B . 
· cuualtiea, flll.taL.or se\tere wounding. 'l'he author understand$ that a .. 
wound .was classifted as "fatal or severe" if, 11;r the opinion .of. th(l · 
~eal officers, it led. to death or would h~eled tO death ·~}~he 

. absence of sui'"gieal attention. The plot,·Fi~.J. co~41Jlg to~ 
Type B casualties leaves e-~Tan widar i'resdom for the .looatiQD,. ot .the 

. curve. relating ph!t _to the .abseissalo-Smv/1~, than 1D the ~e ot Type K 
. . ·. . . . ... . . . . .. . \ . 

·or .Type A inca,acitetions~ Therefore, no attem?t has been Jaade to ·. 
. determine, from the 1 ~ta, the fu~ional. de?endence of ph¥ t?r\tatai or 

· ·~re WO'I.Uids·up(jn mv/A. Instead, the relation cierrived.ill' BRL .. 
T&almical Note No. -:;70 trQill the report by f1cMill~n ~ Gregg, alre~ · 
ei~ ba.S been .. cU-awn in. <i'he beat that can b$ 's~d I is that the. . ' . 

·. expe.t"illental da~ as described by the contit»r.~ -itaterval.s end un- • 
· bi-.ed estimates, are pert•ectly consistent with t4e curv-e.~ -The curve' 
. . . ?.&asea through. six or the eight 50% 'confidence interta:r.s, •'whic~ u. ' 

rather more of them than it should be expe.eted to pas~ through by 
::Qbrmc:e, and it pasaes through seven out of' eight of .the ,9Q%•corif"1dence. 
.Intervals. I£ the Jl1ax:l.mU.m Qf the curve ~re h;~r, it ~d pus · ' 
~ all; or ~he 90% i.nterv:Us. ·It would then· be, pemaps1 in . · 
~~ 1mprob4bly goo(! agreement vitll experiment, but this ~n- ·. 
sidaration does not prove that tbe ma~· should be Jl()·.~gher• Th$ . 
authOr thinks that it would be best to leave the ~<w~n, it,.is, ·as .. 
deterud,ned in BRL T~chnica.l Not.e 370, wi tP considerab1e ~ontidence that this · 
,location does not tend to exaggerate, but if any-thing tends to unde~-

. ~.- estimate, the probability that a random ~t' l<riU cause a. fatal or severe 
· wound. · · ·. . · · · . . , · , · - . · . . . ; . 

• TJ.:W author ve~ ~cb hopes that_ Dr •. Herget. and.his ~&Qoiat.es, 
at Edgewood, may be able to obtain more reliable anci- accura~ probabi,lities . ·. 
or incapacitation bf. combining, with data o.r the ~~e. used nere.~ the con-

. sidera\')le. ~9Wledge that t,hey possess of biologi(:aJ., and lll~eal mat~rs • 
.. :'It .1.e thought that· inro_._~ation. obtained from a detail6d. stlldj or, the. . . 

,. . ' ·.-,· . ' 
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' Sf1f)ilr3te wauDds inflicted dUli-ng the experiments, ot t;}i&: ~~ ot : ' 
regiona importB:Dt .to the various types. or incapaei~-~~~a.*-~~~·0 
·bQ ths total bods area, and or basic anatomic~ · ~d -~~llbi~tT 
_data relating to the. body wall can :in prL"lciple be·~. , suc;m 
::. col'ltd.nation would enable a considerably. ptOre-_ reU~e-'ad ~urt\,te 
(l.r; t&r'1~..nation to be made ot .. the important arid usetul :,probabilities' 
i1lk" than the crude det~rmination 1;ha~ has been aade in t~ report 

from more limited data. 
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i<PPENDIX TC) B/Ll.IS'l'IC :1r.S·! :\HCH I •. £-:~:;ORA'fOfiTES 

'l'FCHHICfL l1:0TE i'iO,. $56 

ft.BS 1'1WG'1' 

(rEst erne/ jer 
·· liberdeen ProVing G:rou.nd, Md .. 
2'6 November 1951 

In a bino:o:ial prooblf:.m, con..fidiio~nce limits of an uill<notm purent 
probability c.sn 1k1 selected on t.he b",.sls of t;I:e p!'Obabilit.y-, P, o:f 
obt~.rdng a mrmber of: i5UC·:::esses as !')J:•oba'ole as, OJ;> lef.~S probable· 
than,. th.o oboervc:d llmnbe!." s of su.ccee;r.,;c:-:; in n trials.. In comparison 
i:!i'~h eonZid.cnce irrt.el'Vtd.s selact.ed in t~.ccordanc('! vdth orocadtlr.ae of 
Clopper c.nd :.1 ~arson, t-he present inte.:r..,nills are narr'lwer when s is 
ei the:P :~er-o or n.. -
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llPPElmiX 

nl 
(n - r) I .. -

(1) 

!hirerore, -the probabUit7 ar obtaining a Dl!llber' or successes as · 
p:robable as or less probable than a ,articular 12u:aber or successes s 
b equal to - ' ' -.. . - - -

(2} 

where the IIUIIlmation is over all values or r tor lfhi.ch 
' - .. 

• (.3) 

'l'ha proba'bility, or obtainL"lg a value or P eq.1al. to or less than sou1e- ' 
particular an.d possible value., P•, ot P is eq.1al. to P~'. From the 
preee~ considerations, confidence or fiduC\al. lilnits ot 11 ca ba 
chosen corresponding to any values or n and c 3cd to any desirE~ . 
val.ue1 ~ lying be~een 0 and 1, of P. .. -

Consider the de!)endence ot P(n., n.,· ~) U!)on the variable :t; tor i.rr:; 
valu.a ot s· other than 0 or na For values ot s . di.ti'erln~ !1'0'!1 0 end n 
it 1a clear that P{O., n, a)-and ?(1, n, s) are zero, and that there­
aro s~e values or n, bet"Aeen 0 and 1~ i'or ~lhich ?(n, n, s) is "lllity. 
Toe values or n tor vhieh P(u, n, s) is unity are values i'or ~hich 
p11,8(~t) i3 the largest or all tel':11S Pn,r(n). It can readil-y be shown 

that. thera are exactly- n values of ~ be~..zeen 0 to 1. at which P{:t, n, s) 
is dl:Jcontinuous. Such-discon~inuitios _ cor-C"es,;:>Ond to the 11C!":l33ir.g" 

or Pn ..,(n) by- o~her Pn .,.(:t) •s, and except nt the n discontir-~tl,!)s 
I"' IJ:. -

P(n, n, s) is a continuou3 function or n. ~-Then s is o, the sit:lr..ion 
ia a~~~hnt different since th~n P(O, n, 0) is unity wltila P(l~ n, 0) is 
zero. ~·:hen s equals n, P(O_, n, n) is zerc Hh-i1o ?(1, n, n) is '1.'1i'"Y'· 
~-fuatever mayoe the v"alue or 9' thare are j~!st n values or. :t a~ v:ti.ch 
P(n, n~ a) is discontinuo'.ls. - -

·. / 

Ths preccdil"L3 doscri?tion cf so:r.e or th~ p;:-~erties or t:-.a ?-!unction 
ht~s b~en il'lcludcd to cbrli'y, itl th~ re3de:r's ::xin1, the n:;;.tn:'C "J! the 
_, __ ,,.._,'"""'ce'of ~(n n, s) ,.,._o., ~ "'o .,.,..,"c""- ,.. .... ~ ... ;,.;,n~e o1· .l';..:.--=-1 1-'--tt~ ~.J .... .I!l~.... .. ' ._:.,.# .... n• • ..,..., .. ""' .., ..... ...,.~_ ......... -""' ._.__.__~ ~·l.J. ;;JJ 
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t"::c. p:rc;h~.foi1ity of a HS"..:tccessa :i::; ~~: 
·:·r~ .. ]~~l :JC ~'recise:ly £ St!CC€S8HS tlul~ir~0~ n 

r'·l !i. (. 

then the probability that 
t,rlals i;; exactly 

• (1) 

r ; .:·:~ :· ... , the probnbiH:t;r or ohtnining s number of sueces::~ea au 
·'>f: (f:' }.c·>t:l pr.:>bable ·tha:n <t ;>art.:tcul;;u" TtUii'!OO!" of St!.Cces:;es S 

. i. ~i.> 

(2) 

(3) 

'J'hc pr<Jba1)·!.J.:U;:,y, of obtaining· a· value of P equal to or less than some 
iJIL7:'t.iotlm• GTJ.d possible ,ra.luc;;;.:. '? t, of ? is equ.al to P'.. From the 

(:on::;id·srations, confir~cnce or .t7iducial limits of 1t can be 
eotr·ef:ponding to any values of n and s and t.o ::my desired 

';,w;_!}1;.9, E: l~rinc; bl)'Jt~reen 0 and 1.~ •)f P.. ·-

:;>nsider tho decxmdence of P{n, n: s) U!)on the vnriable n, for nny 
~-: ol:.her than 0 or n. Fo.~.~ 7alu.os of s differing fr.cm_ 0 c'U.~d n 

L· ··""·~~ ~.·, t P(O . ')-" , ~Jfl \ .. - ... . . d t' t '-h -c. C) •,J:,.::; •• r .... lf.:\ • ~ n, s .ana ~ \,. ) n, s I m: e ... ero. an . na u ere 
-· I:' .. ., ~ r ~ ..-, ,o .. • 'l -(" )· • • t . rc.n:· 

1 
:"\.T>te ~:n .. i.ucs o.._ n, oe·.:;w,;;;en ·.J r1.na .L, 1.0r wnl.c:n P n, n, s ~s um. y .. 

l'iKt vilues of rc for whlch P( n, n. o) is unity are values for t.-rhich 
'J,., (!{ -:t) is tl::e 1m'gest of a:i.l. te~"las p¥, (n} .: It can re~.dily be shewn 

.h,~:~ ~!,r 

th;s~t the;;.•e are exactly n values i.Jf rt 'bGtt-Jeen 0 to l at which P(n, n, s) 
i3 disc;Jntinuous. Such-aisconthmit:i.es COX'I~espond to tbe 11crossing''· 
of Pn_,

15
(n) b;r other Pn,r(n) 's, .:md exc,"Jpt. at. the . .!! 9-iscontirrJ.ities 

t~(n, n, s) :i.s a contj.rru.ous fu:nct.:lon of n. ~Jhen s :i.s o, .the situation 
is sor.:owh~.t oifi'erent since th;;m ?(0;. n, 0) is unity ~hile P{l, n, 0) is 
t~ero.. ·.·:hen s equals n, P(O, n, n) is sero o;:Jhile P(t, n, n) is unity. 
\1hat,CVE;l:' r:l&yDe the value of S~ t.here are just n "JaJ.ues of 7! at l·1hich 
n(.,., •'."·• .,\ ·~~ rH"'COl"'}inuo-l"' - -:..- \ ' '' 7 ,_,; .,1,.i;'3 '-A.L .• ~J - .lv t .... t:;~. 

':'Ite preccr.lin;s dcscript.ion oi' s-:r.:e Qf ·t.he propert.ies or the ?-function 
h;).:: br::cn :i.ncl:1ded t.o cl~rif'Y.:. :in the:; :t't-)<'Kter r a mind, the nature of l:.he 
'~e·;-:.;n;:'r:.~.cc of P(n, n, s) u.pon n. ':i.'o select. confidence or fiducial lim:i/ts, 



' 

• 

' i + .. :in auf.f:tc:ient to ~:~CE1Dider t.he 8hor't.est. :I.nterJal of n that contalns all 
~ho vt\lues of rc fo:!.' r:h:i.ch 

(4) 

corrv:s?on,l:'Ln<r to <my pa::•t.:i.et\b.r• md ;mss5.bll=.: v.Blu.cs of n and s, and to 4 
S('!l£0 t?Bsl.r(:d value of .; ... Corr£~npondi::1G to any possible values n, s, 
r~:-.r~ ~. ii~ i;; n~!.:uc<TG poas1b1e 'i:;o fir.d th3 sl;K;r1~est. irrt.c:r"iaJ., (p

1
,)p;),-:by 

!}slcnl;ri#ion. 'I'h::: J.o:,re:<.~ JJ.nli.t p"' i:~ ·t,he e::mallest of ali ·n ts satisf;y-ing ... 
+ ' ] .. • ( j. \ " • ,. ' ' •• ~ ,_, '"' '"i ·• ~ ·i '· .,... ·' ., .:. ,· -~ ., •. I. t ~ 11 .. ' •• i\0 \''(:;• .. fli,J.C;t1 \.'-<!/' ccUC.t >11(o (!,pp~;.X .... .ol.:.·., ~.., 2 '·'' dlL .l.:i.X'r;ea OJ. a. il: S 

s.it:lsf·;i.nf! t.hc :.:elat.ion (4). Sueh ltmits P-:; ~nd p. iCtwa75 exist; <:s 
" •• .. . J. 2 

·,rUl bu sbrrlfll11.. One may· m.r:;c firs·t t:h;~t; 'i.'.rb:m s is, z~l .. o, p
1 

is }~cro; 

The .-;;:d.ste<nce of p1 <.md Ill! i:'oJJ.'-'>i~s r-lgorvusly from the com::icleration 

· t.h..:t th:5l net, of n t ::; sai<isfJ??.ng (L~) has a 1o~;-cr bound, zex•o, and· nmst 
there rot-e h<t.'lte r::. 2)'eaterrt 1~,-l·er t·oand, p1 .. Similarly, the set of n t s 

sa.t.!_sf__rln(; (L~) ho.3 <=n1 U.Pl.>er' bound,:. u.ni·t;>•, and rrru.st therefore have o. 
le;;-st. upncr hou.nd~ p_

2
.• I·t . c~1n :f'u:rt,hsr be sbmm that, because of the 

natnre o:J: th£: f'.,..ftmction and of.' it.:~ cJ.:tscontinut.ies, the numbers PJ_ 

.~'"<'-~ p2 "'l'lcot th£l~'!Se1·;rr.:.t• s·.:.•·~ .. ~-~f',,.tl,1 ~~ .1.llt..W ~ •• .... 1 d..""'"'"'~ , .. :;:..W .. J...., .... 10_1 \(f>J ~ 

that, 

(5) 

for ~'<lJ. v.s.lues of n lyin!; o:.r\;~l.d<'" the closed. interval p1~ n~p2 ., Let 

us now arbi·t;rariJ.y choose soml': ··.;-nlno o:( f: b•:ri:.1•.reen 0 and 1 and adopt the 
poJ.:tq:r, t-Jhenever in a."l •"lXpc r:l.;n€0nc, some v<:llu.r:~ of s h;o:t;; bf:en observed, of 
:alwa;ys · a:::mertlng that 

(6) 

who:~o. p1 •-md p2 con'enpond to th~ ::\c·i:·'J.al ~: thf; obser'"\red !!' t:md the 

chosen f.:- • ~Je shall be t.f·,:'<.,;,rl£ in r;·c.r assertions Hhen, and only uhen, 
rt lies OLi.ts1.d(~ -t.he closed l.nt.(H"Val. ( 6)"' :tn tlh:.toh nase ? <.. e by {5). 
The probc.~bilit.y t.iw:t, our .?.!.SSf.>t'·l:.ir.:.n is -i.hcon•,;:ct., which is the same 
;ls t.he rn~Q[JOX"'Iiicn of' time:~ th<:.,i:, ue ~hD11 be ;,;rm'lg in such assertions 
in th~ long run, ir; t.hex·;;JJ."orr? J.e;;;;::; than E- ., Tlwre.fore the probabilit.y 



• 

fl-:a·'•. '''"!"•'• '~"''0'~'1'~·-\ C)J·~ f(,) J•"' I"'"'"T·e,....J. r,yi·1·'i t•~'~ .. r,,., "'ll''> .;''&'"'e' as tba ·propo· v•tion. U".\"' ~ ~.,.,n.""''" '··~t.,.J<--;t'-'. vJ~-- ·.!'> \ ., ,... .,h,' .... V-.i. .. ~ •..J"t.l' '"":. ~...,,jl,, -..1..,_..,., '"-"' 'ICJ '--~ H4 !'llili - . "" 

of 'G:lmes tha.G He sh.;ll in the long nm .he right. in sucti assertions, is 
gr<-3G.t.e:t' tr:2Tl. 1 - E: .. He nccordi.ngl;.r c;;:J.l p1 and p2 tha lower and upper _... . ' 

·.rn. ~-· .•. i.·'.".~ ·• .• ''')1.1• O'••l~_:.ru .. ':?·· {·~·h1··,<i! ·o-·,·~ 1-i <"f·.ori ···r--··;f"-i(l">)'jf'O limi" •ts p' and· n t . .t.- ~ 7 J.~' - - - U"'·•v-.t;;: I;..' a.J. .- _.. ....... o ....... ...,....., ... t.,,_.J·J.~:..o..- ·~'···-~ . ~~ 1 . . .t"2 

for lta1v.e:OJ of E- €'Qual to .. 5, .,Jh, ::;,nd ,.10~ 'I'hese li.Ii'd:ts may be called 
tlw .50%,. 66~~; m1d -90;~ confick:cce lin;-.:i:ts'" Th>z tables cover all possible 
~Hiluc:;;~ of s ~~f:,rres::-ond:'ln~. t.o n ~ ~~ znd n = 8, and are sufficient fo'!" the 
\·H "'Cl'l ,_.~-1 ov-·-"1 n ~-.l·l"' i-·ody .. ,;;, '"h~'> -,,.,.,,,"r,,~--1 .... ~. ... ;'~, ... lu· ch t1'1"'.· s ·ls_ ·t1·1e ~.ppendix • , ... _..,.,~ :w~~r...-... ~u ...... c..! _.., t.. .. \;..-.• .·•I v.!.. ~..~ ....,. .l~·" ... ~.t~ ._,. io '-J '-'~· l1:l _ . ..~. .t.. l1. 

~ ....... ., . ..,_ 

pl ·l p2 
.. -
--

0 .,31 
.01,3 .. !~4 
o·r .57 

~15. 
I .. 70 

.. 2h .76 
~30 .85 
4.3 .. 9,3 
56 .981 

v§~-- l 

The author is inclin.ocl ·r,,, ~;refe:i? co11Zidence: limits, selected in . 
. :?ccox·dance H::.th the !H•ocedux·e in tl:d.s k;_)pendix.) to confidence liiti.ts 
"lt!>] rnc·;·.c.(l 1 ''1 C1"''"·01"'0<'"nna 7 lt1•1:.h -l-}),o; n.r.ocor~p·c· '0 of' ClC.'')'· ... e·V: "'"'ld 01 "'"""S""n*' .· 1-o<'·ll' ... '!W- ~ v'l..>- .... ,. -"'-' •1- .... ~ ""'"' .... ,_,_. ,.., v~ ....... , r • -·~'"'..,.~·- . ....,. "· .~, • .1 1,..1 - ~. ... w-~ v • 
(' ... • ' • 1 d . . ' ... . • - . ~ n ( . ) r h.!. • • .lur• cn.scu.sr:n.on nas conslc.el."<=J . ·ctle proo,"tn.l.:u .. y ,· n, n, s o ou~oa;;..rn..ng 

to. numbi;:;:t• oi~ suecesse~; as nrobabJ.e r.:.s or less probable tha.."l ar1 obser·;;red 

(-~---Cl.Ofjpe1;=;'·C~ ',J~, and E~ s. reai~~;;on .. 
fid(wic.l ').i.'ili ts illustrated :i..n. the 
l!ol. 26, p1:1ges h,Oh ... L)-.3, ~93l!., 
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I' 

number or successes s. 'I'hei:e di;c;:cussi;):o ~onsiders. t~ l),~tui'b~~ity or · 
obtaining a r.d:unbet> o1 suecesses C4U!ll ~ .. :) or less thari ~n• ;t?b!Jel'"'i"ed · · 

·number and, separ~tely,. tha probahilit:r of' ohtaining.-a riu.'u~r at 
_successes equal to or gr$ater than tne obse~ired numb9r·. _ They sel.eet 
~upper confidence limit in such a wa;y- as to 111,ake the i'irst probabili~y 
iess than or equa~ to 'ii.-/2, and a lnwf2r lfmit ion csuch a w~ as ;to make ' 
the aecong probability also less th<-4-1 or equal to ·E/2 •. There is,.· · 

c h6wever, no value of .n that can ·make the second p~bability less than 
· or equal to · E-/2 when s is zero, nor i::v the1•e: J.'lY value of n tbHt can 
make the f'irst '!}:robabi'!ity.less than or equal to &/2-wh-en s ts n., 
Conseq-<Iently, the. confidence limits s~:ll,eet:sd by ClopPer and"'t'earion , · 
are unnacessarily wid.e~ when s is (~i thor 0 or· n, an~ t~ey ·have in , 
ef'£ect over-modestly \tnde.ro~itimat.ed . tt!'3 ·leg::tt!mate . degree of. confidence 
in their 8.Spertions !J compara.llle to ( 6) , . for. ValUe$ •Of .. B equal to 0 . and n_ . . 
The confidence int.ervals def'ined in tl:-ds Appendix are narrciwer than tl1eirs · 

· when s is 0 or n. The pr~se~t interveJs a.re not "cerl'~l"a:l" in the sense 
in whl'ch the interV-als of Cloppet' and P.earson are eentralp but they 
are. perhaps more nearly nceni::.x-~11 th<::L"l th~.:·S3: of Ql.opper a:nt;i· Pearson with 

-:· respect to ~he probabilit;ies:~ P{n, n~ s), .o£ ob~ai.ning results s as .. 
prob~ble as or less probable t.h.<-ul somz obs~:l;rr;:red s, re.ga.rdle$;;l o1 ~rhetber 
such leas probable s 'a are large:r o:r. snuille:~ than th€1 observed s~ 

- r . . . 

The practical adv;m1ta.ge of 1~he pz·esent p~c_edqre !o~ . se~oting ... 
cohf'idsnce limits, o·.::ei~ that of Gloppe~ :md Peat'sori, seeyw appreelable_ · 
in' the Report to >thich /this is au i>ppcndix., bec.ause thEire! is sqme ... 
times z-ero .. 

I I 

, 

'i ~ 

. i 

., ' 

' -
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